In recent years, the increasing eutrophication of large freshwater lakes in China has resulted in significant algal blooms. The serious taste and odor (T&O) problems that raised from algal blooms have been widely studied. To supplement these studies, the types and concentrations of natural earthy-musty T&O compounds in the Taihu Lake were studied in September 2009, January 2010 and September 2010. In the first sampling period, b-ionone and b-cyclocitral were the major odorants, which changed to 2-isopropyl-3-methoxypyrazine (IPMP) and 2-isobutyl-3-methoxypyrazine (IBMP) in September 2010. The occurrence of T&Os was more significant in September (Autumn) than in January (Winter) in both the Zhushan Lake and Meiliang Bay, which are two important regions of the Taihu Lake. However, other regions showed more serious occurrence of T&Os, such as West Coast and South Coast, which was first reported based on the whole lake survey. The concentration of T&Os in the Zhushan Lake was much higher than that in the Meiliang Bay in both January 2010 and September 2010. The reason for the T&O occurrence is suggested by multivariate statistical methods, including principal component analysis and cluster analysis. It is confirmed that the T&O occurrence is more serious in the Taihu Lake due to unaccepted chemicals compared with other eutrophication lakes in China. The initial origins of T&O in the Taihu Lake are also confirmed, and several suggestions on how to control the earthy-musty T&O in lakes or drinking water treatment plants are provided.
Introduction
Increasing eutrophication has led to frequent outbreaks of cyanobacterial blooms in many lakes around the world in recent decades. [1] [2] [3] Cyanobacteria produce metabolites, such as algae toxins and/or taste and odor (T&O) compounds, which impact water supplies. T&O compounds in natural waters have also been reported throughout the world, 4,5 which have caused great economic losses to the aquaculture and sheries industries. In general, the typical natural T&O compounds derived from algae or other microorganisms are 2-methylisoborneol (2-MIB), geosmin, 2-isopropyl-3-methoxypyrazine (IPMP) and 2-isobutyl-3-methoxypyrazine (IBMP), and these cause an earthy and musty odor. Although b-cyclocitral and b-ionone are also generated from algae, they create woody/violet/tobacco/owery odors in water containing algal bloom. 4 It is important that consumers complain about drinking water quality and the rising cost of drinking water treatment to improve it. Until 2000, only the mutagenic activity of T&O compounds, such as 2-MIB and geosmin, was reported using the Ames test, which showed a negative result to exposed Salmonella typhimurium tester strains. 6 However, in recent years, more research has focused on the cytotoxicity or genotoxicity of geosmin/2-MIB to humans using HepG2 cells, 7 Chinese hamster ovary cells, 8 and mammalian cells 9 as probes. Results have shown that only exposure to a high concentration of geosmin/2-MIB (30-100 mg L À1 ) is cytotoxic or genotoxic to humans; [7] [8] [9] however, the presence of geosmin in water is associated with enhanced DNA damage aer long exposure time. 8 Therefore, it is very important to survey the occurrence of T&O compounds in surface water and explore novel and efficient drinking water treatment technologies.
In recent years, the T&O problems in some lakes in China have become more serious, and there have been several outbreaks of T&O in China since 2000. 5 These problems are generally more serious in the late summer or early autumn in the Dianchi Lake and Taihu Lake. 7 The most famous event is the algal bloom in the Taihu Lake, which affected the drinking water quality in Wuxi city in 2007. 10 In the Taihu Lake, eutrophication and cyanobacteria blooms are particularly serious and cyanobacterial blooms occur for more than 3-4 months each year. The bloom may even last all year in the north and central parts and on the west coast of the Taihu Lake. [11] [12] [13] The spatial and seasonal patterns of T&O in the Gonghu Bay region of the Taihu Lake have been studied previously; 11, 14 however, the studies were limited to a small zone in the Taihu Lake and focused on organic sulfur compounds that were generated from residual algal cell decay and sediment deterioration.
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Therefore, a detailed investigation of the T&O occurrence in the Taihu Lake is important to provide scientic data for lake management and water purication. In the present investigation, the spatial pattern of T&O over all regions of the Taihu is explored in detail to give an overview of T&O in the Taihu Lake. This development provides important scientic data on the conventional earthy-musty T&Os, a topic that has received attention elsewhere in the world but is poorly studied in China. Based on this, lake management/utilization and water quality remediation could be done more efficiently. Temporal variations of T&O occurrence seem signicant different among different surface water around the world, due to the variation in geographical location, climate, hydraulic characteristics, water quality, and aquatic ecology. Thus, only important season samples (winter and autumn) were collected herein to discuss the season/temperature effect on T&O occurrence. Finally, the relationship between T&O compounds and water quality parameters is claried by multivariate statistical methods and the initial source of T&O is also proposed. The results obtained from the abovementioned content are very important for lake water management, including limiting the concentration of T&O as a water quality criterion, suggesting analysis/monitoring methods and source control, and water purication in situ and in drinking water treatment plants.
Methodology

Chemicals
Standards of six target T&O compounds (2-MIB, geosmin, IPMP, IBMP, b-ionone and b-cyclocitral) in methanol were purchased from Sigma-Aldrich (USA). Sodium chloride (purchased from Sigma-Aldrich, USA) used in the T&O extraction process was reagent grade and was calcinated at 450 C in a muffle oven for further use. The other chemicals used in this study were analytical reagents or higher grades without any purication. Fig. 1 and their coordinates in Table S1 . † In January 2010, 20 sampling sites were taken in the Zhushan Lake (I) and Meiliang Bay (II), as shown in Table S1 , † to study the effect of the season. All samples in this study were collected in the abovementioned timeframe. Each integrated water sample is a mixture of three subsamples, which were collected 0.5 m below the surface. Four water samples were collected in 1.0 L narrow-necked glass bottles leaving no headspace for one site, in which the average of concentration is shown. NaN 3 and hydroxylamine hydrochloride were added to two of the bottles to avoid the growth of microorganisms, and then the samples were stored immediately in a portable refrigerator at approximately 4 C until the T&O compounds could be analyzed.
Sample site and collection
Water quality parameters analysis
Water samples without NaN 3 and hydroxylamine hydrochloride added were ltered through 0.45 mm berglass lters (Whatman GF-C) before the water quality parameters analysis. Total phosphorus (TP) was measured by colorimetry aer digestion with H 2 SO 4 . 20 Total nitrogen (TN) and total organic carbon (TOC) were determined on a TC/TN analyzer (Multi N/C 3100, analytic Jena, Germany) using the catalytic combustion method.
Chlorophyll-a (Chl-a) was determined spectrophotometrically according to Lorenzen. 15 Aer ltration on berglass lters, chlorophyll-a in the sample was extracted for 24 h in 90% acetone. Ammonia was determined by the sodium reagent method. Nitrate and sulfate were determined via ion chromatography (ICS-3000, Dionex, USA). Table S2 † summarizes the characteristics of the basic water parameters in the main zones of the Taihu Lake aer duplicate sampling.
Sample preparation and analysis for dissolved T&O compounds
Similar to previous investigations, 5, 14, 21 dissolved T&O compounds are the main contributors and direct dominant factors for the negative aesthetic style of the lake water, rather than particle T&O compounds that are potential contributors of the water aesthetic and more signicantly inuence the efficiency of drinking water treatment plants. Therefore, only dissolved T&Os were analyzed in this study to evaluate the water off-avor aesthetic. A 50 mL water sample was ltered through a berglass lter (0.45 mm) under a low vacuum and the ltrate was analyzed for dissolved T&O compounds. PDMS/DVB/CAB bre (Supelco, USA) was chosen for solid-phase microextraction (SPME) extraction. 15 Briey, NaCl (3.0 g) was added to the water samples. The vial was controlled at a temperature of 65 C using a water jacketed system, aer NaCl was dissolved.
Furthermore, the bre was injected through a silicon-Teon coated septum and placed into the headspace of a 40 mL extraction vial with 20 mL of water sample. The extraction time was controlled at 30 min under mixing. GC-MS analysis was performed for the identication and quantitation of T&O compounds. A 30 m HP-17MS (i.d. 0.25 mm, coating lm thickness 0.25 mm) capillary column was used. Aer the SPME extraction process, the bre was introduced directly into the injector (250 C) aer 10 min exposure time. The GC temperature program was set at 45 C for 4 min, increased to 240 C at 10 C min À1 and kept for 1 min, and then increased to 280 at 10 C min À1 and held for 4 min. The transfer-line temperature was 280 C. The quadrupole mass spectrometer was operated in the EI positive mode (70 eV). For qualitative analysis, the full scan mode from 50 to 400 m/z was used for the primary identication of T&O compounds according to the NIST database. The selected ions monitor (SIM) mode was selected for quantitative analysis of six T&O compounds. Table 1 shows detail information on the SIM parameters and QA/QC of this method for each T&O compound.
Statistical analysis
Pearson correlation analysis was conducted to determine the relationship between T&O compound concentrations and water quality parameters. Principal component analysis (PCA) and cluster analysis (CA) were used to analyze the origin of T&O. All statistical analyses were carried out using SPSS® for Windows (Version 17.0; SPSS, Chicago, IL, USA).
Results and discussion
Characteristics of the earthy-musty taste and odor in the Taihu Lake
In this study, rst, the T&O occurrence in the Taihu Lake in September 2009 and 2010 was studied ( Fig. 2 (A) and (B)) as many results report peak concentrations of T&O in this month. [17] [18] [19] In September 2009, the concentration of b-ionone (58. .73 ng L À1 ) was the highest among all the investigated T&O compounds, which is a major off-avor metabolite of M. aeruginosa 15, 24 and a product of carotene (also an important metabolite of Microcystis aeruginosa) oxidation when it is exposed to oxygen gas. 25 An earlier study also identied it as a T&O compound in lake water. Algae, C. caldarium, 26 S. uvella,
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S. subspicatus, 27 P. autumnale 28 and red cyanobacterium (P. rubescens) 29 are the main producers of b-ionone; however, only M. aeruginosa is the dominating species in the Taihu Lake.
30
Similar producers and generation pathways were found for bcyclocitral, which contribute to the blue color formed in the natural environment with the lysis of cyanobacteria and play a key role in the life of Microcystis. 31 In addition, green algae (C. fulvescens) and brown algae (C. costata and A. crassifolia) form bcyclocitral, which was not detected in the Taihu Lake. 32 The second highest was IBMP with a concentration range of 58.64-219.14 ng L À1 . IBMP and IPMP have been identied in natural waters as musty T&O compounds, where they are reported to be formed from microbial degradation of grass under anaerobic conditions 29 and metabolites of soil organisms such as actinomycetes 33, 34 and A. Formosa. 27 Therefore, the presence of actinomycetes and sediment disturbance lead to the occurrence of IBMP and IPMP, since no other precursors were identied in the Taihu Lake from the literature. The concentrations of 2-MIB and geosmin were much lower than that of other odorants in both September 2009 and September 2010, which is in agreement with previously published results. 15 2-MIB and geosmin are the most conventional earthy-musty T&O compounds and were reported very earlier from over y cyanobacterial species, 35 including Anabaena, Nostoc, Lyngbya, Oscillatoria, Phormidium, 28 Planktothrix, 36 Pseudanabaena, Aphanizomenon and actinomycetes, but they are not the main algae species contributors in the Taihu Lake. In Based on the abovementioned analysis, the reason for the occurrence of IBMP and IPMP might be the presence of actinomycetes, other soil microorganisms and sediment disturbance in the lake; however, the quite low concentration of 2-MIB and geosmin in this study conrms that less actinomycetes were present in the Taihu Lake. Therefore, soil microorganisms in sediment, the disturbance of sediment and hydraulics contributed the presence of IBMP and IPMP in 2010. Moreover, inadequate studies of T&O in Taihu Lake were performed in 2010 and only a specic region was focused previously. The serious occurrence of IBMP and IPMP here is a result based on the whole lake survey. In previous studies, b-ionone and bcyclocitral were also identied as major odorants in the Taihu Lake, with maximum concentrations of 50.44 ng L À1 and 537.61 ng L À1 , respectively. 15 In Chen's study, it was concluded that M. aeruginosa was the dominant alga and T&O producer in the Taihu Lake.
37,38 Table 2 shows a summary of earthy-musty T&O occurrences in China, including the Taihu Lake and other sites all over this country. According to these data, earthy-musty T&Os focus on 2-MIB, and this appears most frequently in the studies. Lake waters experience more serious T&O loading than rivers (Table  2) ; moreover, the Taihu Lake was characterized with the highest concentration of T&O, even though samples were collected at different sites and times. Although the Chaohu Lake showed a similar eutrophication status to the Taihu Lake, the concentration of T&O was much lower than that in the Taihu Lake and the dominant T&O was geosmin. Compounds including b-ionone and b-cyclocitral were dominant in the Taihu Lake, and this is in agreement with the results obtained for 2009 in this study. However, higher concentrations of IPMP and IBMP were observed in the samples collected in 2010 in this study, which were not reported previously and form an important supplement to the Taihu Lake's scientic T&O data.
The odor of threshold concentration (OTC) is an important parameter for characterizing T&O compounds. If the concentration of T&O compounds exceeds the OTC, T&Os could be perceived by humans. Different T&O compounds exhibit different OTCs, as shown in Table 1 Based on the results from 2009 and 2010, the major T&O pollutants in the Taihu Lake were b-ionone and b-cyclocitral as metabolites of M. aeruginosa and IPMP and IBMP, which might be formed by soil organics and released by sediment disturbance and hydraulics in the Taihu Lake. In general, odorants 
Characteristics of T&O in special regions of the Taihu Lake
To grasp the T&O exposure characteristics over the entire lake, eight zones (Zhushan Lake (I), Meiliang Bay (II), Gonghu Lake (III), West Coast (IV), South Lakes (V), East Coast (VI) and Lake Centre (VII)) were identied (Table S1 †) according to their utility functions of agriculture, shing and drinking water. The samples collected in this study were distributed over seven zones (Table S2 † ). The T&O occurrence in each zone is shown in Fig. 3(A) and (B) . In September 2009, the b-ionone concentration was the highest in the Gonghu Lake (III), West Coast (IV), East Coast (VI) and Lake Center (VII). The concentration of IBMP was the highest in the Zhushan Lake (I), Meiliang Bay (II) and South Lake (V). Moreover, the concentration of IBMP was not as high as that of b-ionone in these regions, which indicates that different producers or microorganisms dominated in variable zones and utility functions/hydraulics might be the main reason for this. In September 2010, IBMP was the highest in the Gonghu Lake (III), West Coast (IV), South Lake (V), East Coast (VI) and Lake Center (VII). In both the Zhushan Lake (I) and Meiliang Bay (II), IPMP and IBMP were the main T&O compounds, and their concentrations were similar.
In Fig. 3(C) and (D) , the characteristics of the ROVs in each region of the Taihu Lake can be seen. In both 2009 and 2010, the West Coast (IV) exhibited the most serious T&O pollution, which has not been reported before. IPMP, IBMP and b-ionone were the major contributors in this area. In September 2009, the order of the ROVs was West Coast > South Coast > East Coast > Lake Center > Gonghu Lake > Meiliang Bay > Zhushan Lake. In September 2010, the ROVs of the T&O in each region were higher than in 2009. IBMP and IPMP were the major odorants, as in September 2009 but b-ionone was not the main one. In September 2010, the order of the ROVs was West Coast > East Coast > Lake Center > Gonghu Lake > Meiliang Bay > Zhushan Lake > South Coast. The Taihu Lake, Gonghu Lake, Meiliang Bay and Zhushan Lake were hotspots for algal bloom and eutrophication. Xie 16 Their results showed that b-ionone (<40 ng L À1 ) and b-cyclocitral (<300 ng L À1 ) were the dominant pollutants in 2008, which is in agreement with this study. However, in our study, the measured concentration of b-ionone is higher than b-cyclocitral, which is different from their report. In Xie's report of 2009, 16 the measured concentration of b-cyclocitral was almost as the same as the value presented in this study. However, the ROVs in the Gonghu Lake, Meiliang Bay and Zhushan Lake were not the highest, as shown in this study. This is the rst report using ROVs as evaluation parameters. The interesting West Coast zone results merit attention for future deep study.
Characteristics of T&O in the Zhushan Lake and Meiliang Bay
The Zhuanshan Lake and Meiliang Bay are the main industrial and agricultural regions in the Taihu Lake. Algal blooms occur frequently in these two regions, which show more signicant eutrophication and worse water quality. [48] [49] [50] Many researchers have studied the occurrence of algal blooms and phycotoxins in the Zhuanshan Lake and Meiliang Bay; however, few publications have shown T&O results from these two zones.
50 Fig. 4 shows the T&O occurrence characteristics in the Zhushan Lake and Meiliang Bay in winter (January 2010) and autumn (September 2010). In the Meiliang Bay, the dominant T&O compounds (IPMP, IBMP, b-ionone and b-cyclocitral) showed higher concentrations in the samples collected in September. The same results reect the exposure concentration of T&O in winter, which were lower than that reported for other seasons in different lakes or surface water.
16,39 2-MIB and geosmin as the non-mainstream T&Os showed less variation. Yu et al. reported an in situ study of T&O formation from the black bloom of cyanobacteria in the Meiliang Bay in 2014. 50 According to them, the concentrations of b-ionone and b-cyclocitral depending on the cyanobacterial biomass weight are in the range of 200-2100 ng L À1 and 6600-144 600 ng L
À1
, respectively. 50 The simulated study showed much higher concentrations of b-ionone and b-cyclocitral than the measured concentrations in this study. Our samples collected in the Zhushan Lake showed similar results except for b-cyclocitral. ). This could be explained by algal cell decay or sediment decomposition forming b-cyclocitral. 16 According to the literature, 22 dead Microcystis cells release more carotene that could be oxidized rapidly by oxygen to form high amounts of bcyclocitral. In this study, we did not observe that other T&O compounds showed higher concentrations in winter than in autumn. This means that the decay of algal cells and sediment did not inuence their formation during the sampling periods.
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The ROVs for all the investigated samples were over zero, which indicated more serious T&O occurrence in both regions. In winter, the ROVs for the Zhushan Lake were more signicant than for the Meiliang Bay. The main contributors were IPMP, IBMP and b-cyclocitral. In autumn, the ROVs in these two regions were at the same level.
Correlation analysis between T&O occurrence and water quality parameters
To investigate the correlation between the concentration of T&O and water quality parameters, Pearson correlation analysis was carried out (Table 3 ). There was a signicant negative correlation between geosmin and dissolved oxygen (DO). In general, a higher concentration of nutrient salts can lead to the faster growth of algae and results in a low concentration of DO. 49 It was suggested that the geosmin content was negatively related to the amount of algae and concentration of nutrient salts in the Taihu Lake. This result also conrmed that geosmin was not the dominant T&O compound here. In Table 3 , geosmin is seen to have exhibited a signicant positive correlation with total nitrogen (TN) concentration and a positive correlation with nitrate (NO 3 -N) concentration, thus conrming that TN, particularly for nitrate, is a limited factor for the growth of microorganisms/algae (which are potential producers of geosmin in the Taihu Lake). The same statistical relationship was also reported by Xie's group. 15 Ma et al. reported the positive correlation of geosmin and total phosphate (TP), 17 which was not observed in this study. The signicant negative correlation between DO and b-ionone/b-cyclocitral has been reported before. 15 The reason for this is the same as the discussion on geosmin and DO. In general, phosphorus is an important nutrient factor for algae growth.
18 As a result of algal growth, the TP concentration decreases and chlorophyll-a increases. In this study, both IPMP and IBMP showed a negative correlation with TP, which indicates that TP is the limiting factor for IPMP/IBMP formation. This correlation was also reported between IPMP and TP, 15 but was not found for IBMP. Moreover, a positive correlation between IBMP and chlorophyll-a was observed, which conrms that the source of IBMP is related to phytoplankton. In general, actinomycetes, which are a type of phytoplankton producer, were not the dominant here. Therefore, deep analysis for the source of IBMP should be done in future studies. The dissolved organic carbon (DOC) concentration showed a positive correlation with b-cyclocitral, but a negative correlation with b-ionone. This contradictory result indicates that the exposure concentrations of b-ionone and b-cyclocitral produced by M. aeruginosa and other algae were not only limited by nutrient salts but also by the natural organic matter (NOM), which has not been reported before.
Co-occurrence of T&O compounds
The correlations between odorants were analyzed to conrm the coexistence of T&Os (Table 3 ). There was a signicant correlation between IPMP and IBMP and negative correlation between IPMP and b-ionone. The signicant correlation between IPMP and IBMP indicates that the co-exposure of IBMP and IPMP in the Taihu Lake was due to the same producers. In general, the producers of IPMP or IBMP were the same; actinomycetes and other soil microorganism in sediment.
51 Different origins for IPMP and b-ionone were conrmed by this negative correlation. The origin of b-ionone was M. aeruginosa, 52 which was not the producer of IPMP. In this study, the dominant T&O compounds were b-ionone, b-cyclocitral, IPMP and IBMP. Based on the abovementioned analysis of co-occurrence, it is proposed that the major algae origins of T&O in the Taihu Lake during the sampling period were M. aeruginosa, dead M. aeruginosa cells, and other soil microorganisms in sediment were potential microorganism sources. Sediment disturbance and hydraulics in the lake release T&O compounds into the water as important internal sources, which would be very signicant in winter. Furthermore, sh and shellsh could absorb T&O compounds from water into its body and release them sometimes as a mobile source, such as Carassius auratus, Hypophthalmichthys molitrix and Coilia ectenes, which show quite high concentrations of T&O in their bodies. 44 Multivariate analysis between T&O and water quality
To thoroughly investigate the relationship between the occurrence of T&O and water quality, PCA and CA were carried out. To examine the suitability of these data for PCA, Kaiser-MeyerOlkin (KMO) and Bartlett's tests were performed. In this study, KMO ¼ 0.579 (>0.5) and the signicance of Bartlett's test ¼ 0.000, which indicate that factor analysis might be useful, and there are signicant relationships among the variables. The PCA of the 16 water quality parameters and rotated component matrix (Table S3 †) obtained for the variance factor analysis indicate that ve factors explained 70.871% of the total variance. Table S3 † also gives the loadings for the ve rst components and the loading plots are presented in Fig. 5(A) . A variable was increasingly well represented by a component as the corresponding value of the loading plots. Almost all variables were well represented by the rst three components, group 1, group 2 or group 3.
According to the results of PCA, group 1 was made of geosmin, UV254, TP, TN and nitrate, thus indicating that the occurrence of geosmin was related to nutrition elements and that higher nutrition elements contributed to the occurrence of geosmin. This result is partly consistent with the correlation analysis results (Table 2 ) and other observed data. 18 Moreover, other authors also found that geosmin and UV254 were part of the same group using PCA to analyze the occurrence of T&O.
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Group 2 was made of IPMP, IBMP, 2-MIB, b-ionone and bcyclocitral, which indicate that T&O compounds were one of the major components in all the water parameters. Group 3 was made of DO, temperature, water pH and sulfate. These water parameters were inuenced by each other. The concentration of sulfate was particularly affected by DO, temperature and water pH.
50 Based on the above, T&O compounds were found to be the major micro-pollutants in the Taihu Lake and the nutrition elements were the major factors for geosmin occurrence.
In this study, CA was performed on the measured chemical variables to conrm the associations among these variables. The dendrogram (Fig. 5(B) ) shows three different clusters identied as A, B and C. Cluster A is the basic water quality parameter component previously described as group 3 in PCA. The level of dissimilarity detected between clusters B and C justies their association appearing separately in groups 2 and groups 1 in PCA. However, there were some different results for chlorophyll-a, ammonia and DOC obtained from PCA and CA.
Chlorophyll-a is an important indicator of algal blooms. Many previous investigations indicate a strong correlation between chlorophyll-a and T&O compounds. 17, 45 In this study, only IBMP had a correlation with chlorophyll-a (P < 0.05). However, chlorophyll-a and ve types of T&O compounds were in cluster B. This is an important supplement for the correlation analysis and PCA, which indicate that algae are still the main producer of T&O compounds. Ammonia was an important contributor of TN in the lake and was shown neither in the results of the correlation analysis nor PCA. The presence of DOC and UV254 in cluster C indicates that UV254 was an important contributor of DOC, and DOC was a major component in the Taihu Lake.
Suggestions for management strategy and purication technology for T&O occurrence in the Taihu Lake
The management of water quality and control of T&O blooms are essential in lakes and reservoirs all over the world. The key points are to improve water quality and eliminate algal blooms. The serious T&O problems in China can be resolved using the following method and management strategy. It is vital to control the source of pollutants rstly by (1) controlling the input of nutrient and organic pollutants using advanced wastewater treatment technology with the function of the removal of nitrogen and phosphate and (2) paying attention to endogenous pollution such as sediments containing nutrient sources, dead microorganism cells and T&O compounds. 53 The pollutants mentioned above, if released into freshwater, could cause further algal blooms and T&O occurrence. Therefore, sediment dredging is very necessary.
The second stage in improving water quality could be (1) managing the breeding of sh such as Hypophthalmichthys molitrix, bighead carp and Carassius auratus cuvieri to uptake algae; 54, 55 (2) cultivating aquatic plants to absorb the nutrient sources and eliminate algal bloom; 56, 57 and (3) scheduling lake water utilization to maintain a higher water elevation and mobility to increase the DO level and avoid sediment frost boil.
Third, the present blooming algae should be removed by in situ technology such as using modied soil to eliminate algae 58, 59 and chemicals. However, it should be pointed out that a nutrient source and T&O compounds in algal cells might be released as new internal sources during the process of algae removal.
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Since many lakes in China are plagued by algal blooms, predicting blooms and T&O occurrence is important in the fourth stage. In general, this can be achieved by remote sensing technology. 60, 61 If algal blooms are predicted accurately, some emergency methods could be used to avoid or eliminate the occurrence of T&Os. Some mathematical prediction models of T&O occurrence based on regular water quality parameters have been investigated.
45,62
The regular monitoring of water quality parameters and use of remote sensing technology are worthwhile methods for predicting algae and the occurrence of T&Os that are derived from them. Finally, if lake water containing T&O compounds is planned to be used as source water, the application of peroxidation (ozone 63 or permanganate 64 ), active carbon adsorption, ozone-biological activated carbon, advanced oxidation processes and membrane ltration should be taken into consideration.
65,66
Conclusions
The occurrence of earthy-musty T&O compounds in the Taihu Lake, which is an important drinking water source, was evalu- According to the data obtained from multivariate statistical analysis, earthy-musty T&O compounds are important micropollutants in the Taihu Lake, and TN, TP and chlorophylla are important water quality parameters inuencing the generation of T&O compounds. IPMP, IBMP and b-ionone were co-existent odorants, and M. aeruginosa, its dead cells and other soil microorganisms in sediment may be the main contributors to T&O compounds in the Taihu Lake; however, the dominance of IPMP and IBMP was reported for the rst time. A four-step strategy for the elimination of the presence of earthy-musty T&Os in lakes of China is proposed. 
